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RF ABLATION CATHETER INCLUDING A VIRTUAL ELECTRODE 
ASSEMBLY 

TECHNICAL FIELD 

[0001]The present invention relates generally to an electrophysiology (EP) 
catheter for use in radiofrequency (RF) ablation, particularly an RF ablation 
catheter including a virtual electrode delivering ablation energy through 
conductive fluid emitted from a porous tip. 

BACKGROUND 

[0002] Therapies have been developed for treating atrial and ventricular 
tachycardias by destroying cardiac tissue containing an identified ectopic 
foci or an aberrant conduction pathway; one of these therapies includes 
the application of ablative RF energy delivered through a catheter, which 
may be introduced transvenously into the heart, to a target site via a virtual 
electrode formed by conductive fluid infused out from a portion of the 
catheter in proximity to the site. An ablation electrode contained within that 
portion of the catheter and shielded by a non-conductive porous shell 
energizes the infused fluid; the rate of infusion and conductivity of the fluid 
can be controlled to work in conjunction with various electrodes with 
different surface areas. The creation of the virtual electrode enables the 
current to flow with reduced resistance or impedance throughout a larger 
volume of tissue, thus spreading the resistive heating created by the 
current flow through a larger volume of tissue and thereby creating a larger 
lesion than could otherwise be created with a 'dry' electrode. Furthermore, 
virtual electrodes reduce the potential for complications arising from an 
excessive electrode temperature (approximately greater than 100 degrees 
Celsius), typically associated with 'dry' ablation electrodes in direct contact 
with the target site, which may cause formation of blood coagulum and 
sub-surface explosions or pops within the tissue. 
[00031 Physicians nave ' on 9 usecl tne technique of pressing an RF 
electrode, which terminates a distal end of a catheter, against the 
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endocardium, applying RF energy, and dragging the electrode along the 
endocardium to create an elongated lesion. Consequently, there remains 
a need for an improved RF ablation catheter including a virtual electrode 
assembly that is simple to fabricate and to use efficaciously in this manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The following drawings are illustrative of particular embodiments of 
the invention and therefore do not limit its scope, but are presented to 
assist in providing a proper understanding of the invention. The drawings 
are not to scale (unless so stated) and are intended for use in conjunction 
with the explanations in the following detailed description. The present 
invention will hereinafter be described in conjunction with the appended 
drawings, wherein like numerals denote like elements, and: 
[0005] FIG. 1 is a schematic over-view of an ablation system according to 
one embodiment of the present invention; 

[0006] FIG. 2 is an enlarged plan view with partial section detailing a distal 

portion of the ablation catheter shown in FIG. 1; 

[0007] FIG. 3 is an enlarged plan view of a virtual electrode assembly 

according to an embodiment of the present invention; 

[0008] FIG. 4 is a cross-section view along section line 4-4 shown in FIG. 3; 

[0009] FIG. 5 is an exploded perspective view of a virtual electrode 

assembly according to one embodiment of the present invention; 

[0010] FIG. 6 is a perspective end view of a virtual electrode according to 

an embodiment of the present invention; and 

[0011] FIG. 7 is a plan view with partial section of a virtual electrode 

assembly according to an alternate embodiment of the present invention. 

DETAILED DESCRIPTION 

[001 2] The following detailed description is exemplary in nature and is not 
intended to limit the scope, applicability, or configuration of the invention in 
any way. Rather, the following description provides a practical illustration 
for implementing exemplary embodiments of the invention. 
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[0013] FIG. 1 is a schematic over-view of an ablation system according to 
one embodiment of the present invention. FIG. 1 illustrates the ablation 
system including an RF ablation catheter 10 an electro-surgical unit 46, 
which includes an RF energy source, and a conductive fluid source 44; 
ablation catheter 10 includes an elongated, flexible, catheter shaft or body 
18 extending from a distal virtual electrode assembly 12, coupled to a distal 
segment 16 of body 18, to a proximal handle 14, which couples catheter 10 
to electro-surgical unit 46, via electrical terminals 6, and to conductive fluid 
source 44, via a port 26. FIG. 1 further illustrates catheter 10 including 
one or more ring-shaped mapping electrodes 72 positioned about body 18 
proximal to virtual electrode 12. Catheter body 18 may be of any suitable 
diameter and length and may be straight or pre-curved along its length. 
According to one embodiment, catheter body 18 has a uniform outside 
diameter of about 0.052 inch (1 .32 mm) to about 0.1040 inch (2.64 mm) 
and a length of about 50 cm to about 1 10 cm. Catheter body 1 8 may be 
formed in any of the manners known in the art to include a plurality of 
lumens (FIG. 2) extending from handle 14 to catheter body distal segment 
16 accommodating fluid delivery, electrical conductors, push-pull wire(s), 
and a torque wire, for example. 

[0014] Handle 14 coupled to a proximal end 22 of the catheter body 18, as 
illustrated in FIG. 1 , may take any of the forms known in the art and 
includes a mechanism for deflecting a distal segment of the catheter body 
18 into a curve to facilitate transvenous introduction of virtual electrode 
assembly 12 into a heart chamber and then directing it to a target ablation 
site. The mechanism illustrated in FIG. 1 includes an axially slidable ring 
28 coupled to a proximal end of a curve deflection push-pull wire (not 
shown) and a rotatable lateral deflection or torque ring 24 coupled to a 
proximal end of a lateral deflection wire (not shown); torque ring 24 may be 
rotated to impart a torque in the lateral deflection wire coupled thus rotating 
distal segment 16 with respect to a longitudinal axis of catheter body 18. 
[001 5] FIG. 2 is an enlarged plan view with partial section detailing a distal 
end of distal segment 16 of ablation catheter 10 shown in FIG. 1 . FIG. 2 
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illustrates virtual electrode assembly 12 terminating the distal end of distal 
segment 16 and including a non-conductive, outer cap 30 fixed over an 
inner electrode 50; according to embodiments of the present invention a 
fluid chamber 60, facilitating ionic charging of conductive fluid, having fixed 
dimensions is maintained between an outer surface of electrode 50 and an 
inner surface of outer cap 30. As is further illustrated in FIG. 2, catheter 
body 18 includes a fluid lumen 58 in fluid communication with an interior 
fluid trunk 52 of electrode 50 through which the conductive fluid is 
delivered (from fluid source 44 illustrated in FIG. 1 ); the conductive fluid 
then passes through a plurality of radially extending fluid distribution 
branches 54 extending from fluid trunk 52 to an exterior surface 56 (FIG. 4) 
of electrode 50 to fill chamber 60 and perfuse, as a charged conductive 
fluid 40, out from virtual electrode assembly 12 through a plurality of pores 
32 extending though a wall 34 of outer cap 30. The conductive fluid, thus 
establishes ionic transport of ablation energy from electrode 50 to a target 
site in close proximity to outer cap 30; one example of an appropriate 
conductive fluid comprises a hypertonic saline solution. Figure 2 further 
illustrates a thermocouple 55 positioned in proximity to the exterior surface 
of electrode 50 in order to monitor the temperature of fluid filling chamber 
60; according to one embodiment a groove is formed in the exterior 
surface of electrode 50 to hold thermocouple 55. 
[001 6] FIG. 3 is an enlarged plan view of a virtual electrode assembly 
according to an embodiment of the present invention. Figure 3 illustrates 
plurality of pores 32 arrayed longitudinally and circumferentially around all 
sides of cap 30, including a dome-shaped distal end region 38, to enable 
emission of the conductive fluid out from cap 30 both in a 360° pattern 
around a circumference of cap 30, along a length of cap 30, and axially out 
from distal end region 38 of cap 30. Alternately, distal end region 38 may 
be a more blunt shape or a more tapered shape. In one exemplary 
embodiment, cap 30 is about 0.3 inch in length, about 0.09 inch in outer 
diameter, and about 0.08 inch in inner diameter; pores 32 are sized to 
allow passage of charged conductive fluid 40 (FIG. 2) while preventing 
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external blood platelets and proteins from blocking pores 32 or entering 
fluid chamber 60 (FIG. 2), according to one embodiment, but are larger, for 
example between 0.0005 inch and 0.005 inch according to an alternate 
embodiment. Pores 32 may be formed through cap wall 34, for example, 
by laser drilling, chemical etching or sintering, in a uniform pattern as 
illustrated or in a more random pattern; furthermore pore sizes among 
plurality of pores 32 may be uniform or vary. Cap 30 may be formed of a 
rigid plastic, such as PEEK, or of a ceramic; in any case cap 30 is 
preferably a biocompatible material resistant to high temperatures 
associated with RF ablation, additional examples of which include but are 
not limited to injection grade plastics, fluoropolymers, such as PTFE, e- 
PTFE, and FEP. 

[001 7] FIG. 4 is a cross-section view along section line 4-4 shown in FIG. 3. 
FIG. 4 illustrates electrode 50 including fluid trunk 52, radially extending 
fluid branches 54 and a distally extending fluid branch 62 to deliver 
conductive fluid to fluid chamber 60 formed between exterior surface 56 of 
electrode 50 and an inner surface 36 of cap 30 from which charged 
conductive fluid 40 (FIG. 2) is emitted through pores 32. Electrode 50 may 
be formed from any appropriate electrode material examples of which 
include, but are not limited to, stainless steels and platinum-iridium alloys. 
According to various embodiments a diameter of trunk 52 ranges between 
approximately 0.005 inch approximately 0.030 inch and diameters of 
branches 54, 62 range between approximately 0.005 inch and 
approximately 0.030 inch; the trunk and branch diameters may be varied 
according to various performance requirements requiring different 
distributions of fluid flow. 

[0018] As further illustrated in FIG. 4, electrode 50 also includes a proximal 
spacer 64, extending circumferentially about, and outward from exterior 
surface 56, and a distal spacer 66, extending distally from exterior surface 
56 at a distal end of electrode 50. According to embodiments of the 
present invention spacers 64, 66 contact an inner surface 36 of outer cap 
30 as means to maintain a fixed, annular, fluid chamber 60 between 
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exterior surface 56 of electrode 50 and inner surface 36 of outer cap 30 
facilitating ionic charging of conductive fluid by RF energy delivered to 
electrode 50. Thus, virtual electrode assembly 12 results a consistent 
volume, fixed fluid chamber 60 providing a consistent emission of charged 
conductive fluid 40 through pores 32 of outer cap 30. According to an 
exemplary embodiment, a width of chamber 60 (a maximum distance 
between exterior surface 56 of electrode 50 and inner surface 36 of cap 
30) is between approximately 0.003 inch and approximately 0.005 inch. 
Although FIG. 4 illustrates distally extending fluid branch extending through 
distal spacer in fluid communication with a larger hole 39 through wall 34 of 
end cap 30, according to an alternate embodiment, as illustrated in FIG. 6 
pores 32 extend over this region. 

[0019] Figure 4 further illustrates outer cap 30 including a first detent 74 
and a second detent 76; according to embodiments of the present 
invention first detent 74 serves to couple cap 30 to electrode 50 by 
engaging proximal spacer 64 while second detent 76 serves as means to 
couple cap 30 and electrode 50 to catheter body 18 by engaging a 
connector ring 70, which is coupled to catheter body 18 as illustrated in 
FIG. 2. According to an alternate embodiment outer cap 30 is coupled to 
electrode 50 by means of a friction fit with proximal spacer 64 and / or 
other spacers extending outward from exterior surface 56 of electrode 50. 
[0020] Referring back to FIGs. 1 and 2, according to one embodiment, a 
push-pull wire (not shown) extends from a connection with connector ring 
70 through a lumen 47 of body 18 to a connection with slide ring 28 on 
handle 14 and a torque wire (not shown) extends from a connection with 
connector ring 70 through a lumen 48 to a connection with torque ring 24 
on handle 14. Furthermore, electrode 50, thermocouple 55 and one or 
more mapping electrodes 72 are coupled to electro-surgical unit 46 via 
electrical conductors (not shown) extending through a lumen 49 of catheter 
body 18 to a connection with electrical terminals 6 of handle 14. 
[0021] FIG. 5 is an exploded perspective view of a virtual electrode 
assembly according to one embodiment of the present invention. 
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According to embodiments of the present invention, FIG. 5 illustrates 
means by which virtual electrode assembly is assembled onto catheter 
body 18, wherein connector ring 70 is fitted into a distal end 1 10 of body 
18, electrode 50 is fitted into connector ring, and cap 30 is fitted over 
electrode 50 and a distal portion of connector ring 70. Electrical 
conductors, push-pull wire, and torque wire are coupled to ring 70 via 
crimping, welding or other means known to those skilled in the art, and ring 
70 is coupled to catheter body 18 via interlocking material, such as 
adhesive, bonding to catheter body and interlocking within ports 100 of 
ring; electrode 50 may be coupled to ring 70 prior to or after coupling with 
catheter body 18 in a manner providing electrical coupling between 
conductors delivering RF energy and electrode 50, e.g. welding. Cap 30 is 
assembled over electrode 50 and pushed proximally until second detent 76 
engages ring 70 and first detent engages proximal spacer 64. Finally, a 
tubing band in conjunction with adhesive bonding or ultrasonic welding 
may be employed to secure the junction between electrode assembly 12 
and catheter body 18. 

[0022] FIG. 6 is a perspective end view of a virtual electrode according to 
an embodiment of the present invention wherein a density of pores 32 is 
increased in distal end region 38 of cap 30, thus concentrating delivery of 
conductive fluid 40 distally to facilitate both a formation of a discrete lesion 
and a formation of an elongated lesion by means of pushing or dragging 
distal end region 38 over the tissue to be ablated. 
[0023] FIG. 7 is a plan view with partial section of a virtual electrode 
assembly according to an alternate embodiment of the present invention. 
FIG. 7 illustrates an exterior surface 56' of an electrode 50' including 
extensions formed as ridges or a spiral coil 80 as means to increase an 
exterior surface area of electrode 50'. FIG. 7 further illustrates an 
alternative spiral pattern of fluid branches 54' extending from an interior 
fluid trunk, e.g. trunk 52 shown in Figure 4, to exterior surface 56' within 
spiral valleys between turns of spiral coil 80. 
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[0024] It will be understood that certain of the above-described structures, 
functions and operations of the above-described embodiments are not 
necessary to practice the present invention and are included in the 
description simply for completeness of an exemplary embodiment or 
embodiments. Thus, it is expected that various changes, alterations, or 
modifications may be made to the invention as described herein without 
departing from the spirit and scope of the invention as defined by the 
appended claims. 


